pregnancy for ICSI. Alikani et al. (1995) also reported a higher rate of miscarriage in women with dysmorphic oocytes. On Department of Obstetrics and Gynaecology, McMaster University, the other hand, De Sutter et al. (1994 Sutter et al. ( , 1996 reported that Health Sciences Center, 1200 Main Street West, Hamilton, Ontario oocyte morphology does not correlate with fertilization rate L8N 3Z5, Canada and embryo quality after ICSI. To date, the extent to which The extent to which the morphology of the oocyte at the morphology of the oocyte at the light microscopy level the light microscopy level is related to the results of really does correlate with the results of ICSI is controversial. intracytoplasmic sperm injection (ICSI) is controversial.
Introduction
Data from 65 consecutive couples (female age between 24 and 40 Intracytoplasmic sperm injection (ICSI) has been widely used years) entering our ICSI programme from May 1995 to August 1996 to treat couples with infertility because of severely impaired were reviewed for this study. The patients were referred to ICSI for sperm characteristics and for whom in-vitro fertilization (IVF) the following reasons: (i) very low rate of fertilization (Ͻ20%) in a had failed. A recent publication reported that the fertilization previous IVF cycle(s); (ii) Ͻ500 000 progressively motile spermatozoa rate, cleavage rate and pregnancy rate were significantly lower in the whole ejaculate.
in patients with previously failed fertilization in conventional IVF compared to those with male factors (Gabrielsen et al., Follicular stimulation 1996) . Fertilization failure resulting from oocyte defects was
The long luteal protocol was used to stimulate follicular development, also reported by Sousa and Tesarik (1994) . Daya et al. (1995) which includes pituitary desensitization with leuprolide acetate (Lupron; Laboratories Abbott, Montreal, Canada) and ovarian stimulation suggested that oocyte morphology was a strong predictor of with follicle stimulating hormone (Fertinorm HP; Serono, Oakville,
Results
Canada). Ovulation was induced with 5000-10 000 IU of human A total of 903 oocytes was assessed in this study. Oocytes chorionic gonadotrophin (HCG, Profasi; Serono) . Oocytes were which degenerated because of injection procedures were not aspirated 36 h after HCG administration by a transvaginal ultrasound included in the results.
procedure.
Results of development of oocytes with or without cytoplasmic inclusions after ICSI are shown in Table II . For the Oocyte preparation oocytes without cytoplasmic inclusions, the fertilization rates Immediately after retrieval, all oocytes were collected in HEPESin grade 1-4 oocytes were 60.8, 72.9, 84.1 and 84.9% buffered human tubal fluid medium (HHTF; Irvine Sci. Santa Ana, respectively. The oocytes at grade 3-4 had a significantly CA, USA) with 10% synthetic serum substitute (SSS; Irvine) and then cultured in human tubal fluid (HTF; Irvine) containing 10% SSS higher fertilization rate than oocytes at grade 1-2 (P Ͻ 0.01).
at 37°C in an atmosphere of 5% CO 2 in air for 3-4 h. The cumulus Similarly, the proportion of embryos that developed beyond cells were removed by treatment with 60 IU of hyaluronidase/ml the 2-cell stage (i.e. 3-to 8-cell stages) was significantly higher (type VIII from bovine testes; Sigma, St. Louis, MO, USA) in HHTFin the grade 3-4 oocytes than that in the grade 1-2 oocytes SSS followed by pipetting in and out of hand-drawn glass pipettes (P Ͻ 0.01). The highest proportion (66.7%) of embryos with to remove the innermost layer of cells. The oocytes were then grading 1-2 (grade 1 best, P Ͻ 0.01) resulted from grade 4 rinsed four times and cultured in HTF-SSS. Micromanipulation was oocytes. For the oocytes with cytoplasmic inclusions, no performed~10 min after removal of cumulus cells.
statistical difference was obtained in grade 1-4 oocytes with regard to fertilization rate, proportion of embryos at 3-to 8-
Sperm preparation
cell stages and the embryo grading 1-2. However, the fertilizaSemen analysis was carried out according to the recommendations tion rate in grade 4 oocytes was significantly lower in the of the World Health Organization (WHO, 1992) . The morphology oocytes with inclusions (64.5%) compared to grade 4 oocytes parameters were evaluated and classified according to the strict criteria described by Kruger et al. (1986) . The sperm sample was without inclusions (84.9%; P Ͻ 0.01). The proportion of grade treated with a discontinuous Percoll gradient (Pharmacia, Uppsala, 1-2 embryos from the grade 4 oocytes with inclusions (45.2%) Sweden). For severe oligoasthenozoospermia (total motile count was significantly lower than that in the grade 4 oocytes without Ͻ5ϫ10 6 ), a mini-Percoll gradient was used to obtain the motile inclusions (66.7%; P Ͻ 0.05). The presence of cytoplasmic spermatozoa (Ord et al., 1990) . After Percoll centrifugation, the sperm inclusions was not related to the oocyte gradings (P Ͼ 0.05; pellet was washed with HHTF-SSS and HTF-SSS. were seen in patients diagnosed with female factors (24.9%;
ICSI procedures were carried out on the heated stage (37°C) of an inverted microscope (Zeiss, Germany) at ϫ400 magnification using P Ͻ 0.011) and older than 35 years (26.5%; P Ͻ 0.05) the Hoffman Modulation Contrast System (Modulation Optics Inc., compared with couples having male factor infertility and wife Greenvale, NY, USA). The system included Narishige micromanipulayounger than 35 years (Table V) . Fertilization rate and embryo tors and a Video Graphic printer (Sony Corporation, Japan). Oocytes quality were not different in the patients with female factor with the first polar body present were selected for micromanipulation, infertility, male factor infertility and older than 35 years which was performed according to Van Steirteghem et al. (1993). ( Table V) .
The injected oocytes were cultured in HTF-SSS in 4-well dishes In addition, the fertilization rate in oocytes with an immature (Nunc, Denmark), one oocyte per well. first polar body, which was not completely separated from the oocyte (Figure 2b percentage of injectable oocytes was significantly higher when the oestradiol concentration was Ͻ10 000 pmol/l compared to Assessment of fertilization and embryo cleavage that Ͼ10 000 pmol/l (P Ͻ 0.05). A higher proportion of Assessment of fertilization and embryonic development was underinjectable oocytes was obtained when the total number of taken after 16-20 h and 40-44 h after injection. Embryo grading was oocytes retrieved was Ͻ20 (P Ͻ 0.01). The percentage of based on the criteria described by Veeck (1990) (Table I) . degenerated oocytes was significantly higher (P Ͻ 0.01) when the oestradiol concentration was Ͼ10 000 pmol/l. More
Statistical analysis
immature oocytes and degenerated oocytes were obtained Statistical comparisons were performed with the χ 2 test and one-way when the total number of oocytes retrieved was Ͼ20 (P Ͻ analysis of variance (ANOVA). Prior to ANOVA, the proportions 0.01 and P Ͻ 0.05 respectively). the oocytes retrieved at metaphase II and proved to be a Table I . Pre-embryo grading (Veeck, 1990) practical and useful one for evaluating oocyte morphology for ICSI. The data indicated that the status of the first polar body, were significantly better than those from oocytes without these features. On the other hand, De Sutter et al. (1994 , 1996 reported that oocyte morphology including one or two abnormal rate, proportion of embryo stages (3-to 8-cells) and embryo features, such as large perivitelline space, spots, vacuoles or grading 1-2 with regards to oestradiol concentration and total refractile bodies, did not correlate with fertilization rate and number of oocytes retrieved (Tables VIII and IX). embryo quality after ICSI. The difference in results may be related to the different criteria used to evaluate oocyte Discussion morphology in the present study. Oocyte maturation in mammals includes two processes, Clear criteria for assessment of gross oocyte morphology, prior nuclear maturation and cytoplasmic maturation. Studies in to fertilization, are of clinical use in selecting embryos for mouse suggested that oocytes can acquire competence to transfer. In the current study, four gradings were used to assess oocyte morphology. The method was applied to almost all of undergo cytoplasmic maturation independently of competence follicles. The oocyte cytoplasm in these follicles would be at a different maturation stage when exposed to HCG for the to complete nuclear maturation (Eppig, 1996) . Pretreatment with gonadotrophin-releasing hormone analogues allows a resumption of meiosis in stimulated cycles. Therefore, asynchrony of nuclear and cytoplasmic maturation could occur in more synchronous cohort of follicles to be recruited, but some
P.Xia
Fluorescence and electron microscopic findings suggest that, (Wall et al., 1996) . The proportion of grade 1-2 oocytes proportions were transformed to arcsine.
was observed to be higher in patients older than 35 years. The (n) ϭ number of patients.
correlation between the oocyte grading used in this study with cytogenetic analysis of the oocytes that failed to fertilize needs to be investigated. longer period of time before injecting with spermatozoa.
(n ϭ 238)
The presence of cytoplasmic inclusions was highly correlated (n) ϭ number of oocytes.
with lower fertilization rate and poor embryo quality. The main cause of failed fertilization after ICSI is failure of oocyte activation (Schmiady et al., 1996) . Although the presence of under bright-field microscopy. They have a very strong tend-(n ϭ 262) ency to appear in oocytes when the same patient has a repeat Ͼ20 54 (52.4) 84 (81.6) 48 (46.6) 51 (49.5) (n ϭ 103) treatment cycle (Veeck, 1988) .
Factors involved in oocyte quality following ovarian stimula-(n) ϭ number of oocytes.
tion with gonadotrophins are not fully understood. No relationship was found between oocyte grades and oestradiol the oocytes at the metaphase II stage. It is thought that ageing concentration on the day of HCG administration, probably in vivo in metaphase II before aspiration may be associated because of the small number of patients. However, the proporwith degeneration of the first polar body and that the resultant tion of total injectable oocytes was significantly lower when overmaturity of oocytes at fertilization may have led to the oestradiol concentrations were Ͼ10 000 pmol/l. Similarly, the observed disturbance in the oocytes (Eichenlaub-Ritter et al., more oocytes retrieved the lower the proportion of injectable 1995). Studies have shown that human metaphase II oocytes oocytes obtained, supporting the findings of Plachot and Crozet with atypical characteristics of the first polar body at collection (1992) that increasing follicular recruitment decreases the (fragmented, very small, or overly large) demonstrated slight overall oocyte quality and maturity, leading to an overall 9% decreases in normal fertilization, along with increases in impaired fertilization. Results from conventional IVF have abnormal fertilization (Veeck, 1988) . It is possible that the also indicated that the fertilization rate was lower when the oocytes with fragmented polar bodies and enlarged perivitelline total number of oocytes retrieved was Ͼ20, but the quality of space (grade 1) evaluated in this study may have had overmatthe resulting embryos was not affected (Fluker et al., 1993) . ure cytoplasm at the time of administration of HCG. In such No differences were found in the fertilization rate, proportion oocytes, nuclear maturation would have occurred, resulting in of good embryos or embryos developing beyond the 2-cell a fertilization rate and embryo quality which were inferior to stage (i.e. 3-8 cells) and oestradiol concentrations or total those for oocytes at grade 3-4. That the highest proportion of number of oocytes retrieved. However, the proportion of best-grade embryos was derived from grade 4 oocytes that degenerated oocytes was significantly higher when the oestrahad intact polar bodies and normal perivitelline spaces, suggests diol concentration was Ͼ10 000 pmol/l and the total number that grade 4 oocytes were the most synchronous group with respect to nuclear and cytoplasmic maturation.
of oocytes retrieved was Ͼ20. 
